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Red Rice Control in Rice and Soybeans 
In Southwest Louisiana 
J. L. GRIFFIN, 1 J.B. BAKER,2 
R. T. DUNAND1 AND E. A. SONNIER1 
Introduction 
Red rice (Oryza sativa L.) is a major weed problem in Louisiana rice 
fields. It is estimated that grain yield, grade, and quality reductions in 
commercial rice due to red rice cost producers millions of dollars annually 
(Eastin, 1978). 
Red rice is the same species as commercial rice (Hoagland and Paul, 
1978). Red rice differs from commercial rice in that the dehulled red rice 
seed is deep red to pink compared with light brown in commercial rice. 
Red rice at tillering and later growth stages can be distinguished from 
commercial rice by its pubescent, light-green leaves, profuse tillering, 
taller and later maturing growth habit, long slender panicles, and heavy 
shattering of grain (Dodson, 1898 and Smith et al. , 1977). Two biotypes 
of red rice, blackhull, with long awns or beards, and strawhull, which 
is usually awnless (Smith et al., 1977), are generally present in Louisiana 
rice fields. 
In 1898 W.R. Dodson, botanist with the Louisiana Agricultural Ex-
periment Station, stated that "All the rice planters of Louisiana are fa-
miliar with 'red rice' as it grows in the field'' (Dodson, 1898). Although 
the problem may not be as intense today as it was then, red rice is still 
a problem that requires constant attention if it is to be kept in check. 
Land that is free of red rice should be kept free by not introducing red 
rice as a contaminant in seed rice or on equipment that has been used in 
fields infested with red rice. Where land is already infested with red rice, 
every effort should be made to deplete the soil of red rice seed and prevent 
new seed from being produced or reintroduced. Failure to completely 
control red rice will assure future problems because seed may remain 
viable in the soil for 7 to 12 years (Goss and Brown, 1939). 
•Associate Professors, and former Assistant Professor (retired), Rice Research Station, 
Box 1429, Crowley, La. 70527-1429. 
2Professor, Department of Plant Pathology and Crop Physiology, Agricultural Exper-
iment Station, LSU Agricultural Center, Baton Rouge, La. 70803. 
This research supported in part by checkoff funds provided by rice producers through 
the Louisiana Rice Research Board. 
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Only the cleanest fields, i.e., fields with the least red rice seed in the 
soil, should be planted to rice. These fields shou d be managed to min-
imize the infestation of red rice dufing rice production years and in rotation 
crops. Planting method, water management, and herbicide usage, which 
will be discussed later in this bulletin, in conjunction with clean seed, 
clean equipment, and hand roguing will help prevent a buildup of red 
rice seed in the soil. 
Probably the greatest obstacle to freeing rice fields of red rice is the 
lac of a planned approach for attacking the problem. Although farmers 
who own their land are most likely to follow a plan to free their fields 
of red rice, most tenant farmers have short leases, and unless the land-
owner stipulates certain practices and rotations in the lease agreement, it 
is unlikely that a well-planned and executed red rice control program will 
be sed. A plan of action to clean up fields infested with red rice and 
prevent reinfestation of these fields would benefit both producer and 
landowner and should be included in lease agreements. 
Another important factor hindering red rice control efforts relates to 
the a lowable level of red rice seed in commercial seed rice. Currently, 
there are three classes of commercial seed rice: foundation, registered, 
and certified seed. The majority of the seed rice planted in Louisiana is 
certified seed. At present, certified seed standards allow for the presence 
of one red rice seed per 4 pounds of seed rice (Louisiana Seed Certification 
Standards , 1984). It is possible that at a seeding rate of 100 pounds per 
a re, a red rice infestation of 25 plants per acre could occur. Since red 
rice tillers profusely and produces approximately 100 seeds per panicle, 
the potential for the production of several thousand red rice seeds per 
acre is possible. 
A large volume of work by Sonnier (1966, 1969-71, 1974-80), Sonnier 
Baker (1981) , and Sonnier et a. (1982) evaluated independently the 
effects of early planting, high commercial rice seeding rates, water seed-
ing, and proper water management on red rice in rice production. Early 
planting (March) and water seeding with germinated rice allowed the 
commercial rice to become established earlier than the red rice, thereby 
giving the .commercial rice a competitive advantage. A continuous flood 
from seeding to harvest provided the greatest suppression of red rice, but 
often resulted in reduced stand establishment of the commercial variety. 
The stand establishment problem cou d be alleviated by draining the field 
af er seeding for a period of several weeks , but suppression of red rice 
was reduced. Shortening the length of the postseeding drainage period 
o a few days minimized the rice stand establishment problem and at the 
same time provided some red rice suppression. In some years brief drain 
age was almost as effective as no drainage (continuous flood), but in 
others it was not. To understand the total effect of cultural practices, 
inclusive studies of planting date, eeding rate, and water management 
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were initiated at the Rice Research Station. The objective was to detennine 
the combined and interactive effects of these cultural practices on red 
rice control in commercial rice production. Results of these studies are 
presented in this bulletin. 
Cultural practices in conjunction with herbicide usage influence red 
rice control. Both strawhull and blackhull red rice have been shown to 
be more sensitive to Ordram (molinate) than rice cultivars (Henry, 1971). 
In the years 1980-82, studies were conducted to detennine if Ordram 
preplant-incorporated could be used in water-seeded rice in conjunction 
with certain conventional water management practices for red rice control. 
In water-seeded rice culture in southwest Louisiana, many farmers execute 
the final stages of seedbed preparation in the water, a practice similar to 
the puddling operation carried out in many rice growing areas of the 
world. This "dragging" operation, as it is called, provides a smooth 
seedbed that drains well. Since this type of seedbed preparation precludes 
the use of preplant-incorporated Ordram, the possibility of using other 
methods of application of preplant Ordram has been mvestigated. The 
first objective was to evaluate the effectiveness of combining preplant 
Ordram treatment with a brief postseeding drainage in water-seeded rice. 
The second objective was to compare three methods of application of 
Ordram. Results of these studies are presented later m this bulletin. 
A soybean [Glycine max (L.) Merr. ]/nee rotation is the predominant 
cropping system in southwest Louisiana. Because of the inability of cul-
tural and herbicide management to completely control red rice in com-
mercial nee production years, soybeans in the rotation, particularly a 2-
year soybean/I-year rice rotation, offer an ideal opportunity to reduce 
red rice infestation levels through herbicide control measures. 
The majority of soybeans in southwest Louisiana are solid-seeded 
(broadcast or Qrilled), which eliminates use of cultivation and directed 
sprays. Acetanilide herbicides such as Lasso (alachlor) and Dual (me-
tolachlor), and the dinitroaniline nerb1cides Treflan (trifluralin) and Prowl 
(pendimethalin) can be applied in combination with Sencor/Lexone (me-
triouzin) for control 01 annual grasses. Consistent red rice control has 
been reported with Lasso at maximum labeled rates or dinitroanilme 
herbicides at double rates (Smith, 1976). Barrentine et al. (1984a) re-
ported lower initial red nee control with Treflan at 2 pounds per acre 
than with Lasso at 3 pounds per acre or Dual at 2.5 pounds per acre. 
Residual activity of Treflan 12 weeks after treatment, however, was 
greater than Lasso but equal to Dual. 
A common practice in a solid-seeded soybean system is to incorporate 
herbicides to a depth of only 2 inches using a roller harrow finishing 
implement just ahead of the planting operation. Little information is 
available on red rice control with shallow-incorporated dinitroaniline her-
bicides or with acetanilide and dinitroaniline combinations. Recently in-
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troduced herbicides that selectively control grass weeds such as 
bamyardgrass [Echinochloa crus-galli (L.)] (Mosier et al ., 1982; Hurst, 
1983) and red rice (Barrentine et al. , 1984b, Griffin and Harger, 1984; 
Mosier et al., 1982; and Rao and Harger, 1981) offer alternative man-
agement options which are particularly advantageous in a solid-seeded 
crop. Studies were initiated to determine red rice control and soybean 
injury obtained with several preemergence and postemergence herbicides. 
These results are summarized in this bulletin. 
Research conducted from 1980 through 1985 at the Rice Research 
Station relating to methodology of red rice control in both rice and soy-
beans is summarized in this bulletin. Areas of discussion will include 
both cultural management and herbicidal control in rice and herbicidal 
control in soybeans. Since a rice/soybean rotation is prevalent in the area, 
the integration of control methods in the rotation system will be discussed. 
Materials and Methods 
All field research on red rice at the Rice Research Station was assigned 
to a restricted area. This area is isolated and a natural infestation of red 
rice is maintained. High levels of red rice seed in the soil are maintained 
to insure uniform infestations for research purposes. 
Rice Cultural Management Studies 
Tests were conducted for 2 years to determine the effects of yearly 
environment and cultural management on red rice control in commercial 
rice production. Planting dates were March 18 and April 22, 1983 and 
March 28 and April 15, 1984. Planting rates were 135 and 200 pounds 
of dry seed per acre. Water management systems involved no drainage 
(continuous flood), brief drainage (pinpoint flood) , and prolonged drain-
age following seeding into a flooded plot. Prior to flooding and seeding 
a dry seedbed was prepared. Preplant fertilizer was drilled into the dry 
seedbed at the rate of 120-70-70 (N-P20 s-K20 ) pounds per acre to plots 
designated to receive the no drainage and brief drainage systems. Plots 
designated to receive the prolonged drainage system were fertilized at 
the rate of 30-70-70 pounds per acre. The seedbed was marked by the 
drill providing grooves to minimize seedling movement in the subse-
quently water-seeded plots . All plots (5 x 10 feet) were isolated by 
earthen levees, flooded to a depth of 1 to 2 inches, and seeded with 
germinated 'Mars ' rice. Seed was germinated by soaking for 24 hours in 
water and draining 24 hours before seeding. Following planting, the no 
drainage plots remained flooded . The brief and prolonged drainage plots 
were drained when Mars rice root growth was noted (usually within 7 
days after seeding). Following drainage when Mars rice roots penetrated 
the soil surface (10 to 14 days after seeding), the brief drainage plots 
were flooded to a depth of 1 to 2 inches. 
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In both the no drainage and brief drainage water management systems, 
as the Mars rice grew above the water surface the water depth was 
increased gradually but never completely covered the foliage until a per-
manent flood depth (3 to 4 inches) was reached. Following drainage, the 
prolonged drainage plots were flushed periodically (flooded for 24 hours 
then drained) as soil moisture status dictated until Mars rice attained the 
3- to 4-leaf stage of growth. At that time urea was applied at 90 pounds 
of nitrogen per acre onto a dry soil surf ace and the prolonged drainage 
plots were flooded to a permanent flood depth. All plots were treated 
with Furadan (carbofuran) 3 weeks after the permanent flood depth was 
reached and were drained 2 weeks prior to harvest. 
At maturity, plants were harvested from a randomly selected 2 square 
foot area in each plot. Mars rice plants and red rice plants were handled 
separately. Stand densities of both Mars rice and red rice were determined. 
In addition, yield and yield components of Mars rice and red rice were 
determined. Panicles were counted and hand threshed. Preharvest shat-
tering of red rice grains occurred, necessitating an estimate ·of grain 
production based on the presence of pedicels, unshattered grains, and 
empty florets. Hand threshed grain of Mars rice was cleaned with a seed 
cleaner and filled grains were counted with a seed counter. Grain dry 
weights were determined after drying for 24 hours at 80°C and yields 
were adjusted to 12 percent moisture. 
The experimental design was a split-split plot with a factorial arrange-
ment of the sub-subplots. Years were assigned to the main plots . Planting 
dates were subplots within each main plot and Mars rice seeding rates 
and water management systems were sub-subplots within each subplot. 
The sub-subplot design was a randomized complete block with four rep-
lications. Data were subjected to analysis of variance, and differences 
among treatment means were determined using Duncan's multiple range 
test (Steel and Torrie, 1960). 
Rice Cultural/Herbicide Management Studies 
The effect of Ordram application methods on red rice control in a 
water-seeded management system was evaluated for 3 years . Specific 
cultural and herbicide management practices are shown in Table 1. Both 
dragged and nondragged seedbeds were included for comparison with 
treatments where Ordram was used in these two systems. Both no drainage 
and brief drainage water management systems were included as purely 
cultural systems of red rice suppression. Prolonged drainage water man-
agement was included to provide a basis for evaluating the extent of red 
rice control by the other treatments. Ordram was applied as a dry preplant-
incorporated treatment in a nondragged seedbed and as a preplant treat-
ment prior to, or following, the dragging operation. Details and schedule 
of events for the studies are shown in Table 2. 
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Table l . --Cultural and chemical treatments for studies conducted at the ~ice Research 
Station, Crowley, la. , 1980-82 
Type of seedbed 
preparation 




--------------------------Water management and preplant Ordram--- ---------- ------------
Nandragged None No drainage 
Nonclragged None Prolonged drainage 
Nonclragged None Brief drainage 
Nonclragged PPI Brief drainage 
------------------------------- Method of application of Ordram----------------------------
Nonclragged None Brief drainage 
Nonclragged PPI Brief drainage 
Dragged Before dragging (PD) Brief drainage 
Dragged After dragging (PoD) Brief drainage 
Dragged None Brief drainage 
'PPI = preplant-incorporatccl. 
Table 2.- Treatment information and schedu e o events for studies conducted a t the 
Rice Research Station, Crowley, la. , 1980-82 
Year 
Item 1980 1981 1982 
Herbicide rate (lb a i/A) 4.0 4.0 4.0 
Seeding rate (lb dry seed/A) 110 135 135 
Soil preparation date May 5 April 7 April 12 
Seeding date May 7 April 10 April 16 
Drainage date May 7 April 10 April 16 
Flooding dates: 
Brief drainage May 12 April 15 April 21 
Pro onged drainage June 3 April 29 May7 
Fertilization rate: 
(lb N-P20 5 - K20/A) 45-103-54 80-92-48 80-92-48 
Cultivar ato Saturn Saturn 
Following seedbed preparation, individual leveed pots, 10 x 40 feet 
in size , were constructed and granular 0 dram was preplant incorporated 
using a rotary tiller. AJI plots were then flooded to a depth of 2 inches 
for seeding. Dragging was simulated by dragoing a heavy channel-iron 
over the lot lengthwi e . Two passes were made with the channel-iron, 
the first with the channel facing down and the second with the chan el 
facing up. In one set of flooded plots, granular Ordram was spread prior 
to dragging (PD) and in another set it was applied following dragging 
(PoD). 
Commercial rice seed was germinated as previously described. Ger-
minated seed (Table 2) was sown in the flooded plots . Following seeding, 
all plots were drained except the no drainage treatment. After the specified 
number of days , the plots were reflooded and fertilized (Table 2). Plots 
were drained 2 weeks prior to harvest. 
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One or two hardware cloth enclosures were placed in each plot to 
protect 2 square foot sample areas from predation by birds and mice. In 
1981 and 1982, stand counts were taken by pulling all rice plants from 
one of the enclosures, examining each plant to determine if it was red 
rice or commercial rice, and counting the number of each. The sandpaper-
like surface of the red rice leaf was used as a distinguishing characteristic . 
At maturity, rice plants in the other enclosure were hand cut. In 1980, 
1981 , and 1982, the numbers of commercial rice and red rice panicles 
were counted in each sample. In 1981 and 1982, panicle weight and grain 
yield were also determined. The commercial rice panicles in each sample 
were hand threshed, and the grain was pooled and weighed for cultivar 
grain yield determinations. Commercial rice panicle weight was calcu-
lated by dividing grain yield per sample by the number of panicles. Since 
red rice grain shatters, the number of grains produced per panicle was 
e. t imated by counting the number of pedicels on up to I 0 red rice panicles 
from each sample and using the average of these in calculation of red 
rice grain yield per panicle. A sample of the red rice grain that had not 
shattered was weighed to determine individual grain weight. Red rice 
grain yield per panicle was then calculated by multiplying grains per 
panicle by individual grain weight. Red rice grain yield per unit area was 
calculated by multiplying the red rice grain yield per panicle by the number 
of red rice panicles per sample area by the number of sample areas per 
acre. 
The experimental design for all studies for each year was a randomized 
complete block with four replications. Data were subjected to analysis 
of variance , and statistical groupings were determined by Duncan' s mul-
tiple range test (Steel and Torrie, 1960). Where necessary, log transfor-
mations were made on the data. 
Soybean Herbicide Studies 
Field experiments were conducted from 1981 to 1985 on Crowley silt 
loam and Acadia silt loam soils. An indigenous south Louisiana strawhull 
biotype of red rice was present in the experimental areas where pre-
emergence studies were conducted in 1982 and 1984 and where post-
emergence studies were conducted in 1983. A strawhull red rice biotype 
'1btained from Mississippi and hand-seeded in early May prior to land 
preparation was present where postemergence herbicides were evaluated 
·n 1982 and 1984. A strawhull red rice biotype collected in Kinder, 
Louisiana was seeded in 1985 for postemergence evaluations . Even 
though this bulletin primarily involves red rice control, native infestations 
of both junglerice [Echinochloa colonum (L. ) Link] and rice flatsedge 
(Cyperus iria L.) were prevalent in most years, and consequently, weed 
control ratings were also made on these species to better evaluate herbicide 
efficacy. 
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Herbicides were applied in 1982, · 1983, 1984, and 1985 tc determine 
efficacy on red rice in soybeans. Similar tests were conducted in 1981 
and 1983 to determine the ability of those same herbicides to control 
junglerice and rice flatsedge in soybeans. Planting, herbicide application, 
and weed control rating dates as well as weed size and soybean growth 
stage at the time of postemergence herbicide application are shown in 
Table 3. Soybean varieties used were 'Davis' in 1981, 'Centennial' in 
1982 and 1985, and 'Ransom' in 1983 and 1984. Row spacings were 32 
inches in 1981, 18 inches in 1982, 20 inches in 1983, and 30 inches in 
1984 and 1985. Fertilizer was banded at planting each year at the rate 
of0-60-60 pounds per acre. In 1981-83, herbicide treatments were applied 
with a C02-pressurized backpack sprayer delivering a spray volume of 
15 gallons per acre at a pressure of 32 pounds per square inch (psi). In 
1984 and 1985, a tractor-mounted compressed air sprayer delivering 22 
gallons per acre of spray volume at a pressure of 26 psi was used. Rates 
for preemergence and postemergence herbicides are expressed in pounds 
of active ingredient (ai) per acre. Plot size for all studies was 10 x 25 
feet and the center 6 feet was treated. Annual grass (red rice or junglerice) 
and rice flatsedge control, and soybean injury were compared with an 
untreated control and visually estimated on a scale of 0 (no apparent 
effect) to 100 percent (death) in all experiments. 
Preemergence studies. Herbicide treatments included Lasso at 3.5 
pounds per acre, Dual at 2.5 pounds per acre, and Treflan, Prowl, and 
Basalin (fluchloralin) at 1.5 pounds per acre. AU herbicides were tank 
mixed with Sencor/Lexone at .38 pound per acre. A three-way mixture 
of Lasso at 2. 5 pounds per acre or Dual at 1. 5 pounds per acre with the 
dinitroaniline herbicides at 1.0 pound per acre plus Sencor/Lexone at .38 
pound per acre was also evaluated. Herbicide treatments were incorpo-
rated into the top 2 inches of soil using a roller harrow finishing implement 
just prior to planting. Red rice control was evaluated 109 days after 
treatment (DAT) in 1982 and 1983, and 36 DAT in 1984. Junglerice and 
rice flatsedge control and soybean injury ratings were made 44 DAT in 
1981 and 48 DAT in 1983. 
Postemergence studies. Poast (sethoxydim) and Fusilade (fluazifop) 
at .25 and .50 pound per acre, Verdict (haloxyfop) at .13 and .25 pound 
per acre, Assure (DPX Y6202) at .06 and .13 pound per acre, and Embark 
(mefluidide) plus Basagran (bentazon) at .13 + . 75 pound per acre were 
applied to red rice in 1982, 1983 (May application), and 1984, and to 
junglerice in 1983 (July application). In 1985, red rice control was eval-
uated using Poast at . 25 and . 38 pound per acre and the other herbicide 
treatments previously described with the exception of Fusilade. Crop oil 




Table 3.-Dates of herbicide applications and weed control ratings, weed size, and crop growth stage at the time of application of 
preemergence and postemergence herbicides, Rice Research Station, Crowley, La., 1981-85 
Year 
Parameter 1981 1982 1983 1984 
Preemergence experiments 
Application date May 27 July 6 June 3 May 31 
Rating date July 10 August 9 July 21 July 6 
Postemergence experiments 1 
Planting date July 1 May l; June 3 June l 
Application date July 22 May 27; July 1 June 14 
Weed size (in) 2 to 4 4 to 6; 2 to 4 2 to 4 
Soybean growth stage2 V5,V6 V4,V5; V4,V5 V2,V3 
Rating date October 18 October 4; July 21 July 17 
'Control af both red rice (May application) and junglerice (July application) was evaluated in 1983. 







Embark plus Basagran which had .25 percent (v/v) nonoxynol (Ag 98) 
added: Red rice control ratings were made at soybean maturity 88 DAT 
in 1982, at maturity 130 DAT in 1983, 34 DAT in 1984, and 21 DAT 
in 1985 . Junglerice control ratings were made 20 DAT in 1983. 
A randomized complete block design with four replications was used 
each year in both preemergence and postemergence studies. Data were 
subjected to analysis of variance and differences in treatment means within 
years were determined (P = .05) using the Fisher-protected least signifi-
cant difference (LSD) (Steel and Torrie, 1960). 
Results and Discussio 
Rice Cultural Management Studies 
Stand density. Mature red rice stand density was affected by envi-
ronment and cultural practices associated with the water management 
system (Table 4). Mars rice seeding rate had no effect on red rice stand 
density . In 1983 and 1984 for the March and April planting dates, red 
rice stand densities were generally lower with the no drainage and brief 
drainage systems compared with the prolonged drainage system. An ex-
ception occurred in 1984 and there was no difference in red rice stand 
density between the three water management systems for the March plant-
ing date. Lower red rice stand densities were observed with the March 
planting date compared with the April planting date for the prolonged 
drainage system in both years and for the brief drainage system in 1983. 
Of the water management systems, the no drainage system had a con-
sistently low red rice stand density. 
Stand density of mature Mars rice was affected by year, planting date, 
water management, and Mars rice seeding rate (Table 4) . With the ex-
ception of the brief drainage system for the April planting date, Mars 
rice stand density was higher in 1984 than in 1983. Mars stand density 
was also higher for the April planting date compared with the March 
planting date. Water management did not affect Mars rice stand density 
either· year with the March planting date . For the April planting date, 
however, Mars rice stand density responded differently to water man-
agement in 1983 and 1984. In 1983 Mars rice stand density was highest 
with the brief drainage system, and there was no difference in Mars rice 
stand density between the no drainage and prolonged drainage systems. 
In contrast, in 1984 Mars rice stand density was highest with the prolonged 
drainage system and lowest with the no drainage system. Mars rice stand 
density was higher at the higher Mars rice seeding rates in 1984 only. 
The effects of water management systems on mature Mars rice and 
red rice stands were dependent on environmental factors , cultural prac-
tices, and competition between the two rices. The environment in 1984 
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Table 4.-Effects of yearly environment, planting date, Mars rice seeding rate, and 
water management on mature red rice and Mars rice stand density, Rice Research 





































eel rice rs rice 
---------------------- Seeding rate (lb/A}-----------------------
135 200 Mean 135 200 Mean 
----------------------------(Plants/ft') ----------------------------
0 0 Oa 3 5 4a 
0 0 Oa 8 14 1 lb 
< 1 < 1 < l a 3 4 3a 
< 1 < 1 < la 10 14 12b 
12 15 13c 4 4 4a 
3 2 3ab 12 17 14b 
4 1 2ab 9 16 12b 
2 :!ab 19 23 21 c 
8 6 7b 16 24 20c 
6 4 5ab 18 29 23cd 
43 40 4ld 10 10 10b 
15 14 14c 22 30 26d 
11 11 8a 10a 
5 4 15b 21c 
'Means within a column or meons within rows for a given variable followed by the same letter or without 
letters are not significantly different (P = .05) using Duncan's multiple range test. 
compared with 1983 in general discouraged red rice stand establishment 
and favored Mars stand establishment. Red rice seed in the soil was 
subjected to lower temperatures and a drier environment during the winter 
pnor to the 1984 test compared with the 1983 test. The results on red 
rice stand density indicate that survival of red rice seed in the soil is 
reduced by these conditions. Consequently , the potential level of red rice 
in each test was different each year. In addition, 3 weeks following 
planting, a period critical to stand establishment, average daily temper-
atures were warmer in 1984 than in 1983 for both planting dates . Con-
sequently, seedling establishment was favored in 1984. Since the potential 
for red rice was lower in 1984 than in 1983 due to the prior winter 
environment and the potential (Mars rice seeding rate) for Mars rice was 
constant for both years , red rice stands were lower while Mars rice stands 
were higher in 1984 compared with 1983. The low total (red rice and 
Mars 1ce) mature rice stands associated with the March planting date 
were due to the effects of cool temperatures on seedling establishment. 
The negative effects of low temperature on germination and seedling 
growth in rice is well documented (Nishiyama, 1976; Stansel, 1975). 
In contrast, the warmer environment associated with the April planting 
date was more conducive to red rice and Mars rice stand establishment 
and red rice competition. In particular, mature red rice stand density was 
high in the prolonged drainage treatments and the competition may have 
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reduced mature Mars rice stands. In comparison, mature red rice stands 
were low in the no drainage and brief drainage systems, and mature Mars 
rice stands were influenced directly by yearly environment and water 
management system. With no differences in mature Mars stands for either 
year under the brief drainage system, it appears that yearly environment 
had little influence on the effects of this system on Mars rice stands. The 
no drainage system was subject to yearly environmental influences, and 
the cooler temperatures following seeding in 1983 produced a less de-
sirable environment for seedling establishment compared with the warmer 
environment of 1984. In contrast to growing conditions in a drained 
seedbed, rice growing in a flooded environment must elongate several 
inches before reaching the water surface. Cool temperatures during this 
time slow plant growth processes , extending the period young seedlings 
are exposed to pests , retarding root development, and increasing the 
chance of plant displacement. 
In general, the better red rice control noted in the no drainage system 
as compared with the prolonged drainage system is consistent with pre-
vious results (Sonnier, 1969, 1970, 1971 , 1974-80; Sonnier and Baker, 
1981; and Sonnier et al. , 1982). The major difference from previous 
studies was the consistency in red rice stands between the no drainage 
and brief drainage systems. This difference may be related to the variation 
in the brief drainage procedures. In previous work (Sonnier et al . , 1982) , 
the brief drainage procedure involved shallow flooding after root estab-
lishment and gradually increasing flood depth as the cultivated rice grew. 
In contrast, in the present study a 1- to 2-inch flood was instituted after 
root establishment. Germination and establishment of red rice is reduced 
when the time between water seeding and flood establishment is minimal. 
The higher mature Mars rice stands associated with the higher seeding 
rate in 1984 only appears to be related to the warmer environment in that 
year. The relationship, however, is not clear. In general , environmental 
conditions associated with the 1984 test and minimizing the drainage time 
after water seeding reduced red rice stands while maximizing Mars rice 
stand establishment. 
Panicle production. The number of red rice panicles per plant was 
influenced by year, planting date, and water management system (Table 
5). Mars rice seeding rate , however, did not affect red rice panicle pro-
duction. Major differences in red rice panicle production occurred pri-
marily in 1983. Red rice panicle production for the 1983 March planting 
date with the no drainage system was absent because red rice was not 
present. Also, red rice panicle production following the 1983 March 
planting date was higher with the brief drainage system than with the 
prolonged drainage system. For the April planting date in 1983 , red rice 
panicle production was highest in the no drainage system, intermediate 
in the brief drainage system, and lowest in the prolonged drainage system. 
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Table 5.-Effects of yearly environment, planting date, Mars rice seeding rate, and 
water management on red rice and Mars rice panicle production, Rice Research 

































Red rice Ml:Jrs rice 
---------------------- Seeding rate (lb/ A) -----------------------
135 200 Mean 135 200 Mean 
------------------------- ( P ani des/ plant)--------------------------
3 3 3c 
3 3 3c 
4 2 3b 4 3 4d 
2 1 2a 2 3 3c 
2 2 2a 2 < l la 
2 2 2a 2 2 2b 
4 5 Sc 3 2 3c 
2 2 2a 2 1 2b 
3 4 4b 1 2 2b 
2 2 2a 2 1 la 
1 1 la 1 3 2b 
1 la 1 la 
'Means within a column for a given variable followed by the same letter or without letters are not 
significantly different (P = .05) using Duncan's multiple range test. 
Also , in 1983 there was no difference in red rice panicle production 
between the March and April planting dates for the brief and prolonged 
drainage systems individually. In 1984, as in 1983 , there was no red rice 
panicle production for the March planting date with the no drainage system 
because of the absence of red rice . In contrast to the 1983 results and 
excluding the March planting date and no drainage system, red rice panicle 
production in 1984 was equally low for all treatments and not different 
from the lowest red rice panicle production recorded in 1983 for the April 
planting date and prolonged drainage system. Although the effects of 
water management system were dependent on environmental effects , only 
one water management system, prolonged drainage, had consistently low 
red rice panicle production. 
Production of grain bearing panicles in Mars rice as in red rice was 
affected by year, planting date , and water management system but not 
by Mars seeding rate (Table 5). In 1983 and 1984 for the March planting 
date, Mars rice panicle production was consistently higher in the no 
drainage and brief drainage systems compared with the prolonged drain-
age system. For the April planting date , Mars rice panicle production 
was highest in the no drainage system only. For the 1983 March planting 
date , the brief drainage system had the highest Mars rice panicle pro-
duction followed by the no drainage and prolonged drainaged systems, 
respectively. In contrast, for the 1984 March planting date, Mars rice 
panicle production in the no drainage and brief drainage systems was 
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similar and higher than that in the prolonged drainage system. In both 
years,, Mars rice panicle production was generally lower for the April 
plan ing date than for the March planting date. There were two exceptions. 
There was no difference in Mars rice panicle production between planting 
dates in 1983 with the no drainage system, and Mars rice panicle pro-
duction was higher with the prolonged drainage system in 1983 than in 
1984. 
The higher total (red rice and Mars rice) panicle production generally 
noted in the no drainage and brief drainage systems for the March planting 
date and in the no drainage system for the April planting date was related 
to the generally lower total or individual plant populations observed (Table 
5). These results indicate that conditions which reduce rice stands increase 
pa icle production and thus agree with previous studies (Dunand and 
Dilly, 1980-82 and Williams and Dunand, 1982). Therefore, effects of 
environment and water management system on Mars rice and red rice 
panicle production were indirect and more an influence of environment 
and water management system on total rice stand. A similar explanation 
holds for most of the other differences in red rice and Mars rice panicle 
production noted. There were two major exceptions. For the March plant-
ing date with the no drainage system, only Mars rice was present, and 
although Mars rice stands were almost three times higher in 1984 than 
in 1983, the number of Mars rice panicles per plant was constant. The 
cooler temperatures during and following seedling establishment in 1983 
may have retarded tillering and consequently panicle production in the 
no rainage water management system. Likewise, for the April planting 
date with the brief drainage system, total plant population was constant 
but both red rice and Mars rice panicle production was higher in 1983 
than in 1984. The reason for these results is not clear. 
Grains per panicle. An evaluation of the effect of environment and 
cultural practices on red rice grain production involved measuring red 
rice grains per panicle. Red rice grains per panicle were influenced by 
planting date and water management system as well as by Mars rice 
seeding rate (Table 6). For the March planting date, the no drainage 
system had no red rice grains per panicle because of the absence of red 
rice plants , and there was no difference in red rice grains per panicle 
between the brief and prolonged drainage systems. In contrast, for the 
April planting date the prolonged drainage system had the least amount 
of red rice grains per panicle of the three water management systems, 
and there was no difference in red rice grains per panicle between the no 
drainage and brief drainage system . Averaged over planting dates, years , 
an water management systems, fewer red rice grains per panicle were 
observed for the higher compared with the lower Mars rice seeding rate. 
ese results indicate that the effects of water management system on 
re rice grains per panicle are influenced by planting date while the effects 
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Table 6.-Effects of yearly environment, planting date, seeding rate, and water 
management on red rice and Mars rice grains per panicle, Rice Research Station, 
Crowley, La., 1983-841 
Water 
Red rice Mars rice 
Planting management --------------------- Seeding rote (lb/ A) ----------------------
dote system Year 135 200 Mean 135 200 Mean 
------------------------- Groins/ponicle --------------------------
March No 83 138 124 131 
drainage 84 112 103 108 
Mean 125 114 119d 
Brief 83 67 25 46 156 154 155 
drainage 84 135 74 104 109 106 108 
Mean 101 50 75o 132 130 131e 
Prolonged 83 48 54 50 106 88 97 
drainage 84 81 94 87 90 88 89 
Mean 64 74 690 ?B 88 93c 
Apri l No 83 107 126 116 112 108 110 
drainage 84 157 136 146 64 67 65 
Mean 132 131 131b 88 88 88b 
Brief 83 119 106 112 101 89 95 
drainage 84 120 98 109 53 66 59 
Mean 120 102 110b n 78 78b 
Prolonged 83 51 49 50 64 67 65 
drainage 84 102 79 91 52 50 51 
Mean n 64 70o 58 58 58o 
Mean 89b 70a 96 92 
No 83 582 121c2 
drainage 84 73 87b 
Brief 83 79 125c 
drainage 84 106 85b 
Prolonged 83 50 Blob 
drainage 84 89 70a 
'Means within a column or means within rows for a given variable followed by the same letter or without 
letters ore not significantly different (P = .05) using Duncan's multiple range test. 
'Means represent on overage over planting dotes and seeding rotes. 
of Mars rice seeding rate are independent of year, planting date, and 
water management system. 
The number of grains produced on individual panicles of Mars and of 
red rice was influenced by both environment and water management 
(Table 6). In contrast to red rice, the effect of water management system 
on Mars rice grains per panicle was influenced by both planting date and 
year, separately, and there was no effect of Mars seeding rate on Mars 
rice grains per panicle. 
The main effect of planting date on Mars rice grains per panicle was 
associated with the no drainage and brief drainage systems since Mars 
rice grains per panicle were consistently low with the prolonged drainage 
water management system. For the March planting date, Mars rice grains 
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per panicle averaged over years was highest in the brief drainage system 
followed by the no drainage and prolonged drainage systems, respec-
tively. For the April planting date, Mars rice grains per panicle were 
equally high for the no drainage and brief drainage systems and low with 
the prolonged drainage system. Yearly influences of water management 
system were consistent for the brief and prolonged drainage systems. 
Mars rice grains per panicle with the no drainage and brief drainage 
systems were higher in 1983 than in 1984, and Mars rice grains per 
panicle with the prolonged drainage system was unaffected by yearly 
environment. Mars rice grains per panicle were the same for the no 
drainage system in 1983 and the brief and prolonged drainage systems 
in 1984. 
Rice grains per panicle are inversely related to panicle density (panicles 
per unit area) (Williams and Dunand, 1982). However, in these experi-
ments this relationship was not observed. For the March planting date, 
this may have been due in part to the extremely low panicle densities 
(21, 28, and 29 panicles per square foot for the no, brief, and prolonged 
drainage systems, respectively) observed. At low panicle densities, there 
is little competition for solar radiation , nutrients , and other resources 
necessary for maximum plant growth and development. Under these con-
ditions, panicle density and grains per panicle could be more directly 
related . For the April planting date, panicle densities , as shown in Tables 
4 and 5, averaged 52, 48, and 55 panicles per square foot for the no, 
brief, and prolonged drainage systems , respectively. These are common 
panicle densities for direct seeded rice (Yoshida, S. , 1981). At these 
constant panicle densities, there was no relationship between panicle 
density and grains per panicle. Similarly, for the year and water man-
agement system interaction there was no relationship between panicle 
density and grains per panicle. This may be related in part to plant 
competition. In only the prolonged drainage system was red rice the 
predominant species. The interspecific and intraspecific relationships be-
tween red rice and commercial rice are just beginning to be studied 
(personal communication, J. Baker) and may hold a future explanation 
for these results. For Mars seeding rate, the direct effect of Mars seeding 
rate on reducing red rice grains per panicle is related to greater competition 
by Mars for resources for growth and development at the higher Mars 
rice seeding rate. 
Grain per square foot. Red rice grain production on a unit area basis 
was affected by year, planting date, water management, and Mars rice 
seeding rate (Table 7) . Year, planting date, and water management system 
were interactive. For the 1983 and 1984 March planting dates, red rice 
grain per square foot was highest in the prolonged drainage system fol-




Table 7.-Effects of yearly environment, planting date, seeding rate, and water 
management on red rice and Mars rice grains per square foot, Rice Research Station, 
Crowley, La., 1983-841 
Water Red rice 
Mars rice 
Planting management ------------------------- Seeding rote (lb/ A) -------------------------
dote system Year 135 200 Ikon 135 200 Ikon 
-------------------------------Groins/ft' ·-------------------------------
March No 83 0 0 Oo 1,166 1,836 1,500bc 
drainage 84 0 0 Oo 2,598 3,375 2,987f 
Ikon 0 0 0 1,382 2,606 2,243 
Brief 83 372 106 239b 1,803 1,819 l ,8llbcd 
drainage 84 169 114 14lb 2,352 2,340 2,346de 
Ikon 270 110 190 2,078 2,080 2,078 
Prolonged 83 1,258 1,439 1,348def 841 276 5590 
drainage 84 516 381 449c 2,095 2,486 2,291cde 
Mean 887 910 898 1,468 1,381 1,425 
April No 83 1,807 601 l,204de 2,825 4,140 3,482f 
drainage 84 1,032 432 732cd 1,991 2,088 2,039bcd 
Mean 1,420 517 968 2,408 3,114 2,761 
Brief 83 2,247 2,326 2,287f 2,274 3,471 2,872ef 
drainage 84 1,169 575 872cde 1,470 2,222 l,792bcd 
Mean 1,708 1,450 1,579 1,872 2,846 2,368 
Prolonged 83 2,541 1,710 2, 125f 710 872 7910 
drainage 84 2,000 1,352 l,676ef 1,382 1,442 l,412b 
Mean 2,270 1,531 1,900 1,046 1, 157 1,102 
Mean l , lOOb 753o 1,7920 2,197b 
'lkons within a column or means within rows for a given variable followed by the some letter or without 
letters ore not significantly different (P = .05) using Duncan's multiple range test. 
and brief drainage systems had the lowest and second lowest red rice 
grain per square foot of any treatments, respectively. In addition, the 
effects of the no drainage and brief drainage systems were consistent 
across both years of testing. On the other hand , in the prolonged drainage 
system for the March planting date , red rice grain per square foot was 
higher in 1983 than in 1984. For the 1983 April planting date , red rice 
grain per square foot was lowest with the no drainage systems. No dif-
ference in red rice grain per square foot between the brief and prolonged 
drainage systems was observed. For the 1984 April planting date, red 
rice grain per square foot was again lower in the no drainage system than 
in the prolonged drainage system, and the brief drainage system had 
intermediate amounts of red rice grain per square foot. For the brief 
drainage system following the April planting date , lower red rice grain 
per square foot was noted in 1984 than in 1983. The influence of no 
drainage and prolonged drainage water management on red rice grain per 
square foot was independent of yearly environment following the April 
planting date . In addition , the high Mars seeding rate resulted in fewer 
red rice grains per square foot than the low Mars seeding rate . 
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Mars grain production on a unit area basis was also affected by yearly 
environment and cultural management practices (Table 7). The only con-
sistent · yearly result was higher Mars rice grain per square foot in 1984 
compared with 1983 with the prolonged drainage system. Several yearly 
differences were noted. Comparing results between years, Mars rice grain 
per square foot was higher in 1984 compared with 1983 with the no 
drainage and brief drainage systems following the March planting date 
and with the prolonged drainage system following the April planting date. 
In addition, Mars rice grain per square foot was higher in 1983 compared 
with 1984 with the no drainage and brief drainage systems following the 
April planting date and was unaffected by the brief drainage system 
following the March planting date. Differences in Mars rice grain per 
square foot were also noted within each year. For 1983, Mars rice grain 
per square foot was consistently higher in the brief and no drainage 
systems than in the prolonged drainage system for both the March and 
April planting dates. Also in 1983, Mars rice grain per square foot was 
higher with the no drainage and brief drainage systems following the 
April planting date compared with the same water management system 
following the March planting date. The influence of prolonged drainage 
water management on Mars grain per square foot was independent of 
planting date in 1983. 
In 1984, the results were different. For the 1984 March planting date, 
Mars rice grain per square foot was again highest under the no drainage 
system, but the brief and prolonged drainage systems had similar Mars 
rice grain per square foot. In contrast, water management following the 
1984 April planting date did not affect Mars rice grain per square foot. 
In addition to these interactive effects of year, planting date, and water 
management system, the Mars rice seeding rate results showed the high 
Mars seeding rate caused high Mars rice grain per square foot. 
In rice, grain per unit area is a function of stand density and panicles 
per plant (Yoshida, 1981). At low total (red rice and Mars rice) stand 
densities similar to those observed in the March planting date, panicle 
density, which is a function of stand density and panicles per plant, and 
grain per square foot are directly related (Shieh, 1977). In general, with 
the March planting under the cool environment associated with an early 
planting date, panicle production was limited, and consequently, grain 
per square foot was primarily influenced by total stand density for both 
red rice and Mars rice. In general , at the intermediate total stand densities 
observed with the no drainage and brief drainage systems following the 
April planting date, panicle production was not limited by low temper-
atures. Consequently, grain per square foot under those conditions was 
primarily influenced by panicle production. With the prolonged drainage 
system, panicle production following the April planting date was low 
since total stand density was high and grain per square foot was again 
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primarily influenced by stand density. Likewise, increasing Mars stand 
density with a high seeding rate had a similar influence on Mars grain 
per square foot, and the coincident increase in competition decreased red 
rice grains per square foot. Therefore, the influence of environment and 
cultural practices on Mars rice and red rice was due to the influence of 
those factors on stand density, panicle production, and grain per panicle. 
Individual Mars rice grain weight. Individual grain weight is a meas-
ure of the completeness to which fertile florets develop, and in these 
studies individual Mars rice grain weight was influenced by environment 
and cultural management (Table 8). Averaged over years and Mars seed-
ing rates, individual Mars rice grain weight following the March planting 
date was highest with the no drainage and brief drainage systems. In 
contrast, individual Mars rice grain weight following the April planting 
date was lowest with the same systems. Intermediate between these two 
extremes was individual Mars rice grain weight following both planting 
dates with the brief drainage system. In addition to planting date , yearly 
environment influenced the effects of water management system on in-
dividual Mars rice grain weight. Mars rice individual grain weight was 
highest with the no drainage and brief drainage systems in 1983, inter-
mediate with the brief drainage system in 1984 and the prolonged drainage 
system in 1983 and 1984, and lowest with the no drainage system in 
1984. Individual Mars rice grain weight was unaffected by Mars rice 
seeding rate. 
The influence of year, planting date, and water management system 
on Mars rice individual grain weight was due to both the general rela-
tionship between grains per panicle and individual grain weight in rice 
plus red rice competition. In rice, individual grain weight and grains per 
panicle are inversely related (Matsushima, 1967). This is because a pre-
determined amount of carbohydrate is available to panicles for grain filling 
'lnd, within limits, the more grain that fills the less carbohydrate available 
to fill each grain and vice versa. In the experimental results presented 
here , Mars rice individual grain weight, and grains per panicle, were 
inversely related for water management systems and April planting date 
only. In contrast, for the March planting date and water management 
systems and year and water management systems, a direct relationship 
between Mars rice individual grain weight and Mars rice grains per panicle 
was obl>erved. Competition from red rice occurred in all water manage-
ment systems in the April planting date. This produced an environment 
in which the resources available for grain filling were limited by the 
presence of both red rice and Mars rice (high total stand density). With 
resources available for grain filling limited in the April planting date, 
grain size was inversely related to grain number. In contrast, for the 
March planting date red rice stand density was low, especially in the no 
drainage and brief drainage water management systems, and Mars rice 
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Table 8.-Effects of yearly environment, planting date, seeding rate, and water 
management on Mars rice individual grain dry weight and grain yield, Rice Research 
Station, Crowley, La., 1983-841 
Individual 
Water 
grain dry weight Grain Yield 
Planting management ------------------------ Seeding rate (lb/ A) ------------------------
date system Year 135 200 Mean 135 200 Mean 
----------(Mg/grain) --------- -------------- (lb/ A) --------------
March No 83 23 24 24 2,960 4,835 3,898b 
drainage 84 23 22 22 6,445 8,188 7,316fg 
Mean 23c 5,607 
Brief 83 23 23 23 4,552 4,628 4,590bcd 
drainage 84 23 22 23 5,858 5,732 5,795de 
Mean 23c 5,192 
Prolonged 83 23 21 22 2, 115 768 l,396a 
drainage 84 22 22 22 5, 192 6,070 5,631cde 
Mean 22b 3,514 
April No 83 23 22 22 6,970 10,050 8,510g 
drainage 84 20 21 20 4,438 4,700 4,569bcd 
mean 21a 6,539 
Brief 83 22 22 22 5,385 8,362 6,874ef 
drainage 84 21 21 21 3,308 5, 144 4,095bc 
Mean 21a 5,577 
Prolonged 83 22 22 22 1,720 2,138 1,929a 
drainage 84 22 22 22 3,335 3,495 3,415b 
Mean 22b 2,672 
Mean 22 22 4,356a 5,339b 
No 83 23c2 6,2042 
drainage 84 21a 5,942 
Brief 83 23c 5,732 
drainage 84 22b 5,001 
Prolonged 83 22b 1,662 
drainage 84 22b 4,523 
'Means within o column for a given variable followed by the same letter or without letters are not 
significantly different (P = .05) using Duncan's multiple range test. 
' Means represent an average over planting dates and seeding rates . 
stand density was also low. This environment resulted in high resource 
availability for grain filling . With few constraints on resources for grain 
filling in the March planting date, grain size was not inversely related to 
grain number. 
Mars grain yield. The interaction of year, planting date, and water 
management system resulted in different responses in Mars rice grain 
yield to water management system for each planting date within years 
(Table 8). In 1983, Mars rice grain yields were equally high in the no 
drainage and brief drainage systems for the March planting date, while 
for the April planting date , Mars rice grain yields were highest in the no 
drainage system followed by the brief and prolonged drainage systems, 
respectively . In contrast, in 1984 Mars rice grain yield responded to water 
24 
management system only at the earlier planting date. For the 1984 March 
planting date, Mars rice grain yields were highest in the no drainage 
system while Mars rice grain yields in the brief and prolonged drainage 
systems were equal. In addition, Mars rice seeding rate affected grain 
yields directly. Mars grain yields were higher at the higher seeding rate. 
In general, the effects of yearly environment, environment at planting, 
seeding rate, water management, and competition with red rice on Mars 
grain yield were related to the response of Mars rice grain per square 
foot and individual grain weight to those same factors. High Mars rice 
grain yields in the no drainage and brief drainage systems following the 
March planting date in 1983 were a reflection of both high Mars rice 
grain per square foot and Mars rice individual grain weight in those 
systems. Also, the significant difference in Mars rice grain yield between 
each of the water management systems following the 1983 April planting 
date was strongly related to differences in Mars rice grain per square 
foot. The marked difference in the response of Mars rice grain yield to 
water management system and planting date between 1983 and 1984 was 
again related to Mars rice grain per square foot and individual grain 
weight. High Mars rice grain yields noted for the no drainage system and 
1984 March planting date were the result of both high Mars rice grain 
per square foot and individual grain weight. No difference in response 
of Mars rice grain yield to water management system for the 1984 April 
planting date was due to the insignificant response of Mars rice grain per 
square foot to these same influences , even though Mars rice individual 
grain weight was low for the no drainage and brief drainage systems. 
The response of Mars rice grain yield to Mars rice seeding rate was 
simply a result of the high unit area grain production at the high seeding 
rate. 
Mars rice grain yield is the total weight of Mars rice grains produced 
on a unit area of land and is determined by Mars rice grains per unit area 
of land and Mars rice individual grain weight. Factors that affected unit 
area grain production and individual grain weight, such as year, planting 
date, seeding rate , and water management system, also affected Mars 
rice grain yield . 
Rice Cultural/Herbicide Management Studies 
Effects of water management and preplant-incorporated Ordram on red 
rice and commercial rice are shown in Tables 9 and 10. The effects of 
water management alone were similar to those previously reported by 
Sonnier (1976, 1977, 1978). Based on red rice stand density measure-
ments where Ordram was not applied, no drainage water management 
gave maximum suppression of red rice, and a brief drainage was inter-
mediate (Table 9). There was a significant year by treatment interaction 
due to the fact that in 1981 the effect of brief drainage was not significantly 
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Table 9.-Effects of water management nd 0 dram a pplication on red rice and commercia l rice plants a nd ponicle density a nd panicle 
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43. 1 29.5 
53.Bc 19.9 





7.5 18.l b 
1.4 36.5c 
0. 9 41.6c 
1.2 39.1 
3.3a 32. 1 
'Two or three -year means within a column followed by the same letter c:;re not significantly different (P = .05) using Duncan's multiple range test . Where there was a 
significant year by treatment interaction, means within a year preceded by the same letter are not significantly different (P = .05). 
Table 10.-Effects of water management and Ordram application on red rice and commercial rice grain production, Rice Research 









































Red Rice Rice Red rice rice 
------------------- (Gm/panicle) ------------------- ----------------------- (lb/ A) -----------------------
3. 13 1.50 3,960 1,690 
3.02 1.35 3,490 2,890 
3.08b 1.43 3,720b 2,290a 
1.28 0.56 6,980 1,580 
1.89 0.71 5,610 2,010 
l.59a 0.78 6,290c l,800a 
1.77 0.50 5,170 l , 110 
2.26 0 .87 2,870 2,570 
2.02a 0.64 4,020b l,840a 
1.69 1.64 400 5,750 
1.13 1.47 90 5,750 
1.41a 1.56 220a 5,820b 
'Two or three year means within a column followed by the same letter are not significantly different (P = .05) using Duncan's multiple range test. Where there was 
significant year by treatment interaction, means within a year preceded by the same letter are not significantly different (P = . 05) 
different from the prolonged drainage, whereas in 1982 it was not sig-
nificantly different from the no drainage. Overall, the combination of 
preplant-incorporated Ordram and brief drainage consistently had the 
lowest red rice stand density, representing 98 percent control. This sub-
stantial reduction in red rice stand is the desired objective when using 
water management for red rice control, but an adverse effect on the 
commercial variety is not desirable. 
Commercial rice stand density was significantly reduced with no drain-
age as compared with the other treatments (Table 9). This effect was 
greater in 1981 than in 1982. This year by treatment interaction is not 
surprising since the effects of temperature and disease on stand estab-
lishment with no drainage can be expected to vary annually. When pro-
longed or brief drainage was used without Ordram, commercial rice stands 
were similar to preplant-incorporated Ordram and brief drainage. 
The reductions in both red rice and commercial rice stand density had 
a twofold effect. Not only was there a reduction in the combined stand 
density but also a shift in the stand composition. The prolonged drainage 
treatment had an excessively high total stand density (more than 30 plants 
per square foot) with the highest percentage of red rice. Although brief 
drainage reduced the total stand density and produced a lower percentage 
of red rice, there was still too much red rice. The no drainage treatment 
had the lowest total stand density but had 24 percent red rice. The com-
bination of molinate with brief drainage reduced the total stand density 
to about 43 plants per square foot with a stand composition of only 4 
percent red rice. 
Although effects of the treatments on panicle density follow the same 
general trend as the effects on stand density, there were some interesting 
differences between the response of red rice and the cultivars (Table 9). 
With no drainage, red rice panicles represented 46 percent of the panicles 
produced even though the stand composition was only 24 percent red 
rice. This was the result of red rice tillering much more in response to 
the reduced stand density than the cultivars. This effect was not as striking 
in the other treatments where the total stand densities were higher. 
Red rice grain yields were highest under prolonged drainage without 
Ordram and lowest under brief drainage with Ordram preplant-incorpo-
rated (Table 10). Commercial rice yields averaged 3,843 pounds per acre 
higher (5,820 vs . 1,977 pounds per acre) under brief drainage with Or-
dram as compared with the other water management treatments where 
Ordram was not applied. 
Results of studies comparing methods of Ordram application are shown 
in Tables 11 and 12. Method of seedbed preparation did not significantly 
affect the stand density of red rice or commercial rice (Table 11). All 
three Ordram application methods were equally effective in reducing the 
red rice stand density to a lower level when compared with treatments 
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Table 11 .-Effects of method of application of Ordram on red rice and commercial 
rice plants and panicle density and panicle production, Rice Research Station, Crow-
ley, La ., 1980-821 
Stand density Panicle density 
Seedbed Ordram2 Commercial Commercial 
preparation usage Year Red rice rice Red rice rice 
---------(Plants/ft2) ---- - ---- --------(Panicles/ft2) --------
Nondragged None 80 44.1 5.la 
81 33 .8 38.5 30.8 23.3b 
82 15.5 48.1 13.9 30.6b 
81-82 avg. 24.6b 43.3a 22.4 26.9 
3-yr. avg. 29.6b 19.7 
Nondragged PPI 80 7.5 18. lab 
81 1.1 39.0 1.4 36.5b 
82 2.1 44.0 0.9 41.6b 
81 -82 avg. 1.6a 41.5a 1.2 39.1 
3-yr. avg. 3.3a 32.1 
Dragged PD 80 15.9 12.0ab 
81 1.5 54.5 2.3 41.9c 
82 3.3 41.9 3.8 32.0b 
81-82 avg. 2.4a 48.2a 3. 1 36.9 
3-yr. avg. 7.3a 28.6 
Dragged PoD 80 14.6 16. lab 
81 3.0 45.0 3.6 34.6b 
82 1.4 40.3 1.3 34.9b 
81-82 avg. 2.2a 42.6a 2.5 34.8 
3-yr. avg. 6.5a 28.5 
Dragged None 80 39.1 4.0a 
81 32 .8 53.8 24.6 28.8b 
82 11 .3 41.4 17.0 24.5b 
81 -82 avg. 22.0b 47.6a 20.8 26.6 
3-yr. avg. 26.9b 19.1 
'Two or three year means within a column fallowed by the some letter are not significantly different 
(P = .05) using Duncan's multiple range test. Where there was a significant year by treatment interaction, 
means within a year preceded by the some letter are not significantly different (P = .05). 
2PPI = preplant-incorporated, PD = prior to dragging, PoD = post dragging. 
without Ordram. At the same time, there was no significant treatment 
effect on the commercial rice plant density . Both panicle density (Table 
11) and grain yield (Table 12) of red rice were significantly lower in 
Ordram-treated plots . Where Ordram was not used, there were no sig-
nificant differences between the methods of seedbed preparation. At the 
same time, both panicle density and grain yield of the commercial variety 
were increased in the Ordram treated plots compared with the treatments 
without herbicide. Commercial rice yields were similar, averaging 5,463 
pounds per acre where Ordram was applied compared with only 1,990 
pounds per acre without Ordram. 
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Table 12.-Effects of method of application of Ordram on red rice and commercial 
rice grain production, Rice Research Station, Crowley, la. , 1980-821 
Gra in production 
Seedbed Ordram2 Commercial Commercia l 
preparation usoge Year Red rice rice Red rice rice 
---- (Gm/panicle)------ -- (lb/ A) ----
Nandragged None 80 
8 1 1.78 0.50 5,1 70 l, 110 
82 2.27 0 .87 2,860 2,570 
81 -82 avg. 2.03ob 0 .69 4,020b l,840a 
3-yr. avg. 
Nondragged PPI 80 
81 1.70 1.64 400 5,750 
82 1.1 3 1.48 90 5,890 
81-8 avg. 1.420 1.56 220a 5,820b 
3-yr. avg. 
Dragged PD 80 
81 1.79 1.48 430 5,960 
82 2.11 1.69 630 5,1 80 
81-82 avg. 1.95ab 1.59 530a 5,570b 
3-yr. avg. 
Dragged PoD 80 
8 2.40 1.52 740 5,050 
82 2.63 1.48 360 4,950 
81-82 avg. .52b 1.50 550a 5,000b 
3-yr. avg. 
Dragged None 80 
81 2.1 4 0.65 4,940 1,800 
82 2.13 1.05 3,410 2,470 
81-82 avg. 2.14b 0.85 4,180b 2,1 40a 
3-yr. avg. 
'Two or three year means within a column followed by the some letter are not significantly different 
(P = .05) using Duncan's multiple ronge test. Where there wos a significant year by treatment interaction, 
means within a year preceded by the some letter are not significantly different (P = .05). 
2PPI = preplont-incorporated, PD = prior ta dragging, PoD = past dragging. 
In summary, Ordram used in conjunction with brief drainage did not 
re uce· the commercial stand density, and in the absence of a heavy red 
rice infestation produced yields in excess of 5,000 pounds per acre. Under 
no drainage water management, the commercial variety stand density was 
reduced significantly, and with a stand that was 25 percent red rice it 
yie ded poorly. Although the brief and pro onged drainage treatments did 
not reduce cultivar stands significantly, under the extremely high total 
stand densities which were 36 to 57 percen red rice, he commercial rice 
yield was not significantly better than it was under no drainage treatment. 
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Soybean Herbicide Studies 
Preemergence experiments. Red nee control with most herbicide 
treatments was similar in both years of study (Table 13). Sencor/Lexone 
alone controlled 88 percent of the red rice in 1982 but only 54 percent 
in 1984. The lower control where Sencor/Lexone was applied alone is 
more consistent with field observations. The combination of Lasso or 
Dual with Sencor/Lexone gave excellent red rice control, with ratings 
ranging from 95 to 98 percent. With the exception of Prowl in 1982 and 
Basalin in 1984, reri rice control using the mixture of Sencor/Lexone 
with Trefian, Prowl, or Basalin was similar to the control obtained with 
Lasso or Dual. Tank mixes of the herbicides controlled 90 percent or 
more of the red rice. Red rice control was higher for Lasso or Dual plus 
Prowl in 1982 as compared with Prowl alone and for Lasso plus Basalin 
in 1984 compared with Basalin alone. 
Similar levels of junglerice control were observed in both years for 
each herbicide treatment (Table 13). Where Sencor/Lexone was applied 
alone, junglerice control averaged over years was 37 percent. During 
both years, Dual gave higher control of junglerice than Lasso (95 vs 80 
percent). It is noteworthy that the experimental area in 1981 and 1983, 
unlike that in 1982 and 1984, was poorly drained and saturated soil 
Table 13.-Ratings of red rice, junglerice, and rice flatsedge control in soybeans after 
preemergence applications of acetanilide and dinitroaniline herbicides and herbicide 
combinations, Rice Research Station, Crowley, La. , 1981-84 
W eecl control by species and year 
Rice 
Rate of Red rice Junglerice 
flatsedge 
Herbiciot application 1982 1984 1981 1983 1981 1983 
(lb ai/A) ---------------------------------------%---------------------------------------
Sencor/lexone 0.38 8~ 54 40 33 30 23 
lassc 3.5 96 9:. 80 80 80 98 
Dual 2.5 98 96 95 95 95 lOO 
Treflan l.5 93 9,, 90 90 55 68 
Prowl 1.5 79 90 95 93 73 75 
Bosalin 1.5 88 88 88 91 48 71 
lasso + T reflan 2.5 + 1.0 93 95 93 91 85 100 
Dual + T rP.flon 1.5 + 1.0 94 94 90 85 98 100 
lasso + Prowl 2.5 + 1.0 94 93 88 88 90 93 
Dual + Prowl 1.5 + 1.0 95 94 90 95 100 100 
lasso + Bosalin 2.5 + 1.0 98 95 85 88 85 100 
Dual + Bosalin 1.5 + 1.0 91 91 88 94 88 100 
Control 0 0 0 0 0 0 
LSD (.05) 10 5 12 7 14 12 
'All herbicide treatments with the exception of Sencor/Lexone were applied os a mixture with Sencor/ 
lexone at .38 lb/A. 
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conditions occurred early in the season in both years . It has been observed 
in southwest Louisiana that Dual has provided longer residual activity 
than has Lasso under such adverse conditions. In greenhouse studies , 
Barrentine et al. (l 984a) reported that Lasso applied at a rate comparable 
to the present study failed to control red rice planted 4 weeks after 
treatment. In contrast, red rice control with Dual was good to excellent. 
In our experiments, control of junglerice with Trefian, Prowl , and Basalin 
was approximately 90 percent and similar to that of Dual. Tank mixing 
Lasso and Treftan in 1981 and 1983 or Lasso and Prowl or Basalin in 
1983 resulted in junglerice control superior to that obtained with Lasso 
alone. Enhanced weed control , however, was not obtained when Dual 
was tank mixed with the dinitroaniline herbicides as compared with ap-
plying the herbicides alone. 
Rice ftatsedge is particularly prevalent in soybeans on poorly drained 
soils. If rice ftatsedge is severe, it can be competitive with soybeans in 
early season. Lasso and Dual generally gave excellent control of rice 
ftatsedge both years of study (Table 13). Rice ftatsedge control using 
Treftan, Prowl , or Basalin alone was 75 percent or less, but ratings 
increased to 85 percent or more when they were mixed with the Lasso 
or Dual. Sencor/Lexone was not effective at the .38 pound per acre rate . 
The shallow incorporation of the dinitroaniline herbicides may have 
increased control in comparison with the standard 3-inch incorporation. 
In 1981 , 1983 , and 1984, soybean injury was minimal for all preemerg-
ence herbicide treatments (data not presented). In 1982, however, soybean 
injury manifested as early stunting of plants ranged from 30 to 45 percent 
where Treftan, Prowl , and Basalin were applied. Soybeans recovered and 
showed no evidence of injury at maturity. 
Postemergence experiments. In 1982, increasing the application rates 
increased red rice control for all herbicides (Table 14). Red rice control 
that year was more than 90 percent with all herbicide treatments except 
Poast applied at .25 pound per acre. Embark plus Basagran gave excellent 
red rice control. In 1983, red rice was larger, with four to six leaves, 
than in the other years, which probably contributed to lower red rice 
control. In addition, red rice in 1983 was an indigenous strawhull biotype, 
whereas treatments were applied to a Mississippi biotype in 1982 and 
1984. Marked differences in both growth and morphology of strawhull 
red rice biotypes collected in Arkansas , Louisiana, and Texas have been 
reported (Diarra et al. , 1985). Preliminary studies have indicated that the 
Mississippi biotype may be more sensitive to postemergence herbicides 
than the south Louisiana biotype (authors ' unpublished data) . Mosier et 
al. ( 1982) reported that red rice was more difficult to control than barn-
yardgrass and .60 pound per acre of Poast and .40 pound per acre of 
Verdict were required for control of four- to six-leaf red rice. 
As rates of all herbicides were increa ed in the present study, red rice 
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Tobie 14.-Ratings of red rice and junglerice control in soybeans after postemergence 
herbicide applications, Rice Research Station, Crowley, La., 1982-85 
Weed control by species and year 
Rate of 
Red rice Junglerice 
Herbicide application 1982 1983 1984 1985 Avg. 1983 
(lb ai/A) ------------------------------------ % ------------------------------------
Poast 0.25 81 50 85 54 68 93 
0.38 70 
0.50 95 77 97 90 96 
Fusilade 0.25 91 68 87 82 89 
0.50 98 85 95 93 93 
Verdict 0.13 95 70 87 70 81 94 
0.25 100 82 97 76 89 95 
Assure 0.06 80 85 83 86 
0.13 88 89 89 96 
Embark + Basagran 0.13 + 0.75 95 82 87 91 89 0 
Control 0 0 0 0 0 0 
LSD (.05) 4 26 9 11 8 
control increased in 1984. At the higher rates tested, control in 1984 was 
similar and 95 percent or more for Poast, Fusilade, and Verdict. Embark 
plus Basagran and Assure at .13 pound per acre usually gave less red 
rice control than the other herbicides applied at higher rates. In 1985, 
with the exception of Poast, red rice control did not change with increasing 
herbicide rates . Red rice control was lower for Poast and Verdict but 
similar for Assure and Embark plus Basagran to that observed in 1984. 
Red rice control in 1985 was 85 percent or more for only Assure at .06 
and .13 pound per acre and Embark plus Basagran. Averaged over 4 
years , red rice control was at least 89 percent for Poast at .50 pound per 
acre, Verdict at .25 pound per acre, Assure at .13 pound per acre, and 
Embark plus Basagran at .13 plus . 75 pound per acre. Barrentine et al. 
( 1984b) reported lower red rice control than that observed in the present 
study where Poast at .50 pound per acre and Assure, Verdict, and Fusilade 
at .25 pound per acre were applied on one- to two-leaf red rice in Mis-
sissippi. In their studies, the mixture of Embark and Basagran gave 
acceptable red rice control. The Embark and Basagran combination would 
offer the added advantage of controlling some broadleaf weeds and 
sedges. In the present study, soybeans were solid-seeded most years and 
rapid canopy closure occurred. The better red rice control in our exper-
iments compared with the Mississippi study (Barrentine et al., 1984b) 
may be due to added suppression of weeds by the soybean canopy. 
Junglerice control was similar for Poast, Fusilade, and Verdict re-
gardless of rate (Table 14). Where Assure was applied, junglerice control 
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increased as herbicide rate increased. Control was 90 percent or more 
for Poast and Verdict at both rates and for Fusilade and Assure at the 
higher rates . 
Soybean injury was minimal following application of the postemer-
gence herbicides. Temporary burning of plant foliage was noted only for 
the Embark plus Basagran treatment but injury symptoms were not visible 
4 weeks after treatment. 
Conclusions 
Red rice control is best accomplished by an approach that considers 
environmental factors , cultural management practices , herbicidal control 
measures, and crop rotation. Weather conditions during winter, planting 
date, seeding rate, water management, and herbicide use all affect red 
rice control in commercial rice. Rotation into soybeans allows the use of 
additional herbicides effective on red rice. 
A warm wet winter predisposes prob em field to greater red rice 
infestation. Certain cultural management practices are very effective in 
controlling these infestations in commercial rice. March planting, water 
seeding at 200 pounds per acre, and minimizing the time between seeding 
and permanent flood establishment provide a consistently high degree of 
red rice control. In general, highest commercial rice ields are obtained 
concomitant with highest red rice control. However, if an early March 
planting is accompanied by cool temperatures post seeding, reduced com-
mercial rice yields occur. Alternatively, commercial rice yields can be 
consistently maximized while still obtaining significant , though reduced, 
red rice control by water seeding at 200 pounds per acre in late March 
or April and minimizing the drainage time between seeding and estab-
lishment of the permanent flood. The time between water seeding and 
permanent flood establishment can be minimized by u e of the no drai age 
or brief drainage water management s terns, either of which ive sig-
nificantl more red rice control than the prolonged drainage water man-
agemen ys em. For an early arch planting with coo temperatures 
post seeding, the no drainage water management system would provide 
better red rice control than the brief drainage water managemen sys em. 
In general. high commercial rice grain yields an good re ric control 
can be achieved by water seeding at the rate of 200 pounds per acre in 
late March on a grooved and fertilized seedbed and maintaining a flooded 
soil from seeding to grain maturity. Red rice control was reflected in 
reductions in red rice stands, panicle production, and grains per panicle. 
Cultural management and herbicide practices combined offer an ad-
ditional opportunity for controlling red rice in commercial rice production. 
Integration of Ordram usage and brief drainage following water seeding 
minimizes red rice competition and cau es no adverse effects on com-
34 
mercial rice. This management system is equally effective with Ordram 
. applied preplant-incorporated or preplant postflood, prior to or after pud-
dling. 
In soybeans, incorporation of preemergence herbicides, Lasso, Dual, 
Treflan, Prowl, or Basalin, provides good to excellent red rice control. 
Of these, Prowl and Basalin are most susceptible to environmental influ-
ences and least consistent. Tank mixes of Treflan, Prowl, and Basalin 
with Dual or Lasso were compatible and reduced the inconsistencies noted 
with Prowl or Basalin alone. Postemergence overtop herbicides, including 
Poast, Fusilade, Verdict, Assure, and Embark plus Basagran, provide 
good to excellent control of established red rice seedlings (less than 3 
inches in height). At present, only Poast, Fusilade, and Embark plus 
Basagran are labeled. Poast and Fusilade are specific for only grass species 
and will not control broadleaf weeds. Embark plus Basagran is effective 
on red rice but not other grasses and will provide excellent control of 
some broadleaf weeds and sedges. 
A combination of the best red rice control methods in rice and soybeans 
should limit red rice competition and reduce the red rice seed reservoir 
in the soil over time. If new seed are not produced, competition from 
red rice in subsequent years should decrease. 
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